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ABSTRACT
We present the results of structure analyses for a large sample of 426 Lyα emitters (LAEs) at
z ∼ 2.2 that are observed with HST/ACS and WFC3-IR by deep extra-galactic legacy surveys. We
confirm that the merger fraction and the average ellipticity of LAE’s stellar component are 10− 30%
and 0.4− 0.6, respectively, that are comparable with previous study results. We successfully identify
that some LAEs have a spatial offset between Lyα and stellar-continuum emission peaks, δLyα, by
∼ 2.5−4 kpc beyond our statistical errors. To uncover the physical origin of strong Lyα emission found
in LAEs, we investigate Lyα equivalent width (EW) dependences of these three structural parameters,
merger fraction, δLyα, and ellipticity of stellar distribution in the range of EW (Lyα) = 20 − 250 A˚.
Contrary to expectations, we find that merger fraction does not significantly increase with Lyα EW.
We reveal an anti-correlation between δLyα and EW (Lyα) by Kolmogorov-Smirnov (KS) test. There
is a trend that the LAEs with a large Lyα EW have a small ellipticity. This is consistent with the
recent theoretical claims that Lyα photons can more easily escape from face-on disks having a small
ellipticity, due to less inter-stellar gas along the line of sight, although our KS test indicates that this
trend is not statistically significant. Our results of Lyα-EW dependence generally support the idea
that an H i column density is a key quantity determining Lyα emissivity.
Subject headings: cosmology: observations — early universe — galaxies: formation — galaxies: high-
redshift
1. INTRODUCTION
Lyα Emitters (LAEs) are a population of high-z star-
forming galaxies selected with a narrow-band (NB) and
broad-band (BB) filters to identify their prominent Lyα
emission. A large number of NB observations have
been carried out to study LAEs at z ∼ 3 − 7 and be-
yond z = 7 (e.g., Cowie et al. 2010; Gronwall et al.
2007; Ciardullo et al. 2012; Ouchi et al. 2008, 2010;
Hu et al. 2010; Finkelstein et al. 2007; Kashikawa et al.
2011, 2006; Shibuya et al. 2012). Based on high reso-
lution imaging and spectral energy distribution (SED)
fitting, such a galaxy population is thought to be typ-
ically young, compact, less-massive, less-dusty, and a
possible progenitor of Milky Way mass galaxies (e.g.,
Gronwall et al. 2011; Guaita et al. 2011; Ono et al. 2010;
Gawiser et al. 2007; Dressler et al. 2011; Rauch et al.
2008). LAEs are also used as a powerful probe for es-
timating the neutral hydrogen fraction at the reionizing
epoch, because Lyα photons are absorbed by intergalac-
tic medium (IGM).
Despite the significant importance of LAEs in galaxy
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formation and cosmology, Lyα emitting mechanism is
not completely understood due to the highly-complex
resonant nature of Lyα in the interstellar medium
(ISM). Many theoretical models have predicted that
the neutral gas and/or dust distributions surround-
ing central ionizing sources are closely related to
the escape of Lyα (e.g., Laursen et al. 2013, 2009;
Laursen & Sommer-Larsen 2007; Duval et al. 2013;
Zheng & Wallace 2013; Zheng et al. 2010; Yajima et al.
2012a). Resonant scattering in neutral ISM results in
a significant attenuation of Lyα. These Lyα absorbing
ISMmay be blown out by galaxy mergers and subsequent
galactic outflows. The galactic interactions would also
trigger the star formation and enhance Lyα emissivity. In
fact, merging features have been found in the LAE popu-
lation in several observational studies (e.g., Bond et al.
2009, 2010, 2012; Gronwall et al. 2011). These studies
have investigated various morphological properties for
∼ 100 − 200 LAEs at z ∼ 2 − 3, but have not exam-
ined dependences on Lyα emissivity.
It is also informative to investigate Lyα emitting po-
sitions relative to star forming regions. The geometry of
surrounding neutral gas might leave an imprint on the
spatial offsets between Lyα and stellar-continuum emis-
sion. Jiang et al. (2013) have investigated the spatial
offsets for ∼ 70 LAEs at z = 6 − 7, and found misalign-
ments in several objects. However, they have not studied
systematically the spatial offsets and its dependence on
physical properties of LAEs.
In addition, the galactic morphologies are consid-
ered to be relevant to the Lyα emissivity. Copi-
ous amounts of gas and/or dust are likely to in-
habit in the galactic disk. Consequently, Lyα pho-
tons preferentially escape out in the direction per-
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pendicular to the disk. The inclination effect on
Lyα emissivity has been widely examined theoretically
(e.g., Zheng & Wallace 2013; Verhamme et al. 2012;
Charlot & Fall 1993; Chen & Neufeld 1994; Barnes et al.
2011; Laursen & Sommer-Larsen 2007; Laursen et al.
2009; Zheng et al. 2010). These studies have predicted
the preferential escape of Lyα in the face-on direction.
However, these structural properties and their depen-
dences on Lyα emissivity have not yet been examined
statistically for high-z LAEs. Lyα emissivity is tightly
related with Lyα EW, since the EW represents a Lyα
luminosity normalized by star formation activity in a
galaxy. A systematic study of the relation between the
structures of LAEs and their Lyα EW will provide cru-
cial hints of the neutral gas distributions and associated
Lyα emitting mechanisms.
This is the first paper in the series exploring the Lyα
emitting mechanisms7. In this paper, we present results
of our study on structures of z ∼ 2.2 LAEs to verify
the Lyα-EW dependence of merger fraction, Lyα spa-
tial offset δLyα, and ellipticity by exploiting the Hubble
Space Telescope (HST)/ACS and WFC3 images. We use
our statistically-large sample consisting of ∼ 3400 LAEs
constructed with Subaru NB observations. First we de-
scribe details of our z = 2.2 LAE sample for our structure
analyses in §2. Next, we explain our methods to derive
structural quantities in the rest-frame UV/optical emis-
sion in §3. We examine the dependence of the derived
morphological quantities on Lyα EW in §4. In §5, we dis-
cuss physical mechanisms by which high-z galaxies emit
Lyα. In the last section §6, we summarize our findings.
Throughout this paper, we adopt the concor-
dance cosmology with (Ωm,ΩΛ, h) = (0.3, 0.7, 0.7),
(Komatsu et al. 2011). All magnitudes are given in the
AB system (Oke & Gunn 1983).
2. SAMPLE
Our LAE sample for the structure analysis has
been constructed by observations with Subaru/Suprime-
Cam (Miyazaki et al. 2002) equipped with the NB fil-
ter, NB387 (λc = 3870 A˚ and FWHM = 94 A˚)
(Nakajima et al. 2012). The Suprime-Cam observations
have been carried out for LAEs at z = 2.2 with NB387 in
a total area of ∼ 1.5 square degrees. Based on the color
selection of B −NB387 and u∗ −NB387, the Suprime-
Cam observations have located 619, 919, 747, 950,
and 168 LAEs in the Cosmic Evolution Survey (COS-
MOS) (Scoville et al. 2007), the Subaru/XMM-Newton
Deep Survey (SXDS) (Furusawa et al. 2008), the Chan-
dra Deep Field South (CDFS) (Giacconi et al. 2001),
the Hubble Deep Field North (HDFN) (Giavalisco et al.
2004), and the SSA22 (e.g., Steidel et al. 2000) fields,
respectively. In the above five fields, a total of ∼ 3400
LAEs have been selected down to a Lyα EW of 20− 30
A˚ in rest-frame (Nakajima et al. in prep.). This
large sample size enables us to study statistically vari-
ous properties of high-z LAEs, such as their metal abun-
dances (Nakajima et al. 2012, 2013), Lyα velocity offset
(Hashimoto et al. 2013; Shibuya et al. 2014), and Lyα
halo (Momose et al. in prep.). Details of observations
7 The second paper presents a kinematic study for LAEs
(Shibuya et al. 2014).
and selection for LAEs are presented in Nakajima et al.
(2012, 2013).
3. METHODOLOGY
In this section, we describe methods of our structure
analysis using the HST data. We focus mainly on three
structural properties: the merger fraction (§3.2), the spa-
tial offset between Lyα and stellar-continuum positions
δLyα (§3.3), and the ellipticity (§3.4).
We use the I814 and H160 data taken with Advanced
Camera for Surveys (ACS) and Wide Fields Camera
3 (WFC3) on HST, respectively, to examine the rest-
frame UV and optical morphology of the LAE counter-
parts. The COSMOS, SXDS, and GOODS-North and
South fields are partially imaged by the Cosmic Assembly
Near-infrared Deep Extragalactic Legacy Survey (CAN-
DELS; Grogin et al. 2011; Koekemoer et al. 2011) with
HST/ACS and WFC3. The 5σ limiting magnitudes in a
0.′′2 aperture are 28.3 − 29.4 in I814 and 26.5 − 27.6 in
H160. Additionally, the COSMOS field is mostly covered
by the ACS imaging with the I814 filter (COSMOS-Wide;
Koekemoer et al. 2007; Massey et al. 2010); however its
depth is ∼ 1−2 magnitudes shallower than that of CAN-
DELS. We use both of the CANDELS and COSMOS-
Wide fields for our morphological analysis. The typical
sizes of the point spread function (PSF) are 0.′′09 and
0.′′18 (∼ 0.75 and ∼ 1.5 kpc at z = 2.2) in the I814 and
H160 images, respectively. The number of LAEs in the
HST fields are summarized in Table 1.
3.1. Identifications of LAE Counterparts
In order to search for UV and optical counterparts of
our LAEs, we first extract 3′′ × 3′′ cutout images from
the I814 and H160 data at the position of each LAE
in the similar manner as previous morphological stud-
ies (Bond et al. 2009, 2010, 2012; Gronwall et al. 2011).
The size of cutouts is exactly the same as Bond et al.
(2012) who have studied morphology of z = 2.1 LAEs.
In total, we obtain 942 and 297 cutout images of I814 and
H160 bands, respectively.
Next, we detect sources in the HST cutout images, and
perform photometry for all of the sources having an area
larger than five contiguous pixels (DETECT MINAREA = 5)
with a flux greater than 2.5σ over the sky surface bright-
ness (DETECT THRESH = 2.5) using SExtractor version
2.8.6 (Bertin & Arnouts 1996). Our DETECT THRESH
value is higher than that in Bond et al. (2012, ;
DETECT THRESH = 1.65). Because one of our aims is to
estimate merger fraction from the number of close galaxy
pairs (§3.2.1), a reliable detection of objects is required
even for very faint sources. If a low DETECT THRESH
value is chosen, false detections increase, leading to an
overestimate of a merger fraction. Here, we tune a
DETECT THRESH parameter to identify real galaxy pairs
by visual inspection. Meanwhile, DETECT THRESH is set
to 1.65 instead of 2.5 when we derive morphological in-
dices for counterparts of LAEs in §3.2.2.
Finally, we define I814 and H160 counterparts of LAEs
as objects within a radius of 0.′′65 (∼ 5.4 kpc at z = 2.2)
from an NB source center, following the definition of
Bond et al. (2012). According to the assessment by
Bond et al. (2012), this selection radius can exclude ef-
fectively field sources. Figure 1 shows the Lyα EW and
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TABLE 1
Number of Our Lyα Emitters
Field mlim Number of LAEs
(1) (2) (3)
I814 on ACS
COSMOS-Wide 27.0 564
CANDELS GOODS-S 28.5 213
CANDELS GOODS-N 28.3 95
CANDELS UDS 28.4 70
Total Number 942
H160 on WFC3
CANDELS COSMOS 26.9 86
CANDELS GOODS-S 26.7-27.6 65
CANDELS GOODS-N 26.5 63
CANDELS UDS 27.1 83
Total Number 297
Note. — Columns: (1) Field. (2) 5σ limiting magnitude in a
0.′′2 aperture. (3) Number of z = 2.2 LAEs taken with HST.
 22
 24
 26
 28
 0  50  100  150  200  250
I 8
1
4
 /
 H
1
6
0
 M
ag
n
it
u
de
EW(Lyα) [Å]
Fig. 1.— Lyα EW and I814/H160 magnitudes of continuum coun-
terparts. Blue and red circles denote counterparts in I814 and H160
data, respectively. Large cyan and magenta circles are the aver-
age I814 and H160 magnitudes, respectively, in EW bins of 20−50,
50−100, and > 100 A˚. The large magenta circles are slightly shifted
along x-axis for the sake of clarity. The dashed horizontal line rep-
resents the magnitude cut for the close-pair method, m = 26.5.
With the magnitude cut, the average continuum magnitudes of
EW bins are comparable between the EW bins.
I814/H160 magnitudes of the counterparts. Figure 1 re-
produces the Ando effect (Ando et al. 2006) that Lyα
EW anti-correlates with continuum magnitudes. We
adopt a continuum magnitude cut of 26.5 mag, and de-
rive the average I814/H160 magnitudes in each Lyα EW
bin of 20− 50, 50− 100, and > 100 A˚. These average val-
ues are almost constant within a 1σ error bar between
the EW bins. In our analyses, we only use objects with
a continuum brighter than 26.5 mag.
3.2. Merger Fraction
We estimate the merger fraction of our LAE sam-
ple in two methods, the close-pair method (§3.2.1) and
the morphological index method (§3.2.2). The for-
mer is to count the number of resolved sources falling
within a specific selection radius. The latter is to
classify mergers with the non-parametric morphologi-
cal indices, CAS (Conselice et al. 2000; Conselice 2003),
Fig. 2.— Example I814 images of mergers and non-mergers in
the close-pair (top panels) and the morphological index methods
(bottom panels). The UV counterparts in the top-left and right
panels show single and multiple components, respectively, within
our selection radius of 0.′′65 (white circles). The latter object is
classified as a merger in the close-pair method. The UV counter-
parts in the bottom-left and right panels have a low and high value
of asymmetry, respectively. The object with a high A represents a
highly-disturbed structure. North is up and east is to the left.
for the sources that are unresolved in the close-pair
method. In a merger process, galaxies first approach
each other, and finally undergo coalescence(s). The close-
pair method selects merger objects in the approaching
phase, and the index method identifies the final co-
alescence phase. In calculations of morphological in-
dices, all sources in a selection radius are usually con-
sidered as a galaxy system, even if they are clearly iso-
lated. Using the morphological indices, we aim to ex-
amine whether unresolved single sources are interact-
ing (correspondingly morphologically-disturbed) galaxies
or intrinsically-isolated components. The classification
with the morphological indices is complementary with
the close-pair method which identifies mergers with dis-
crete components.
3.2.1. Close-Pair Method
The close-pair method has been used to identify merg-
ers at low- (e.g., Ellison et al. 2013; Le Fe`vre et al. 2000)
and high-z (e.g., Law et al. 2012b). It is extremely dif-
ficult to detect faint components of minor mergers at
4 T.Shibuya et al.
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Fig. 3.— Completeness of merger identification as a function of
I814 (black lines) and H160 (gray lines) magnitudes. Filled circles
and squares denote the completeness with component’s flux ratios
of 1:0.5 and 1:0.3, respectively. The dashed vertical line is a mag-
nitude cut of 26.5 mag for the close-pair method. The gray circles
are slightly shifted along x-axis for the sake of clarity.
high-z. In our analysis, we consider only major mergers
with multiple components of comparable flux (a flux ra-
tio of 0.3–1). By counting the number of sources within
the selection radius, rsel = 0.
′′65 (§3.1), we simply define
(major) mergers as counterparts with multiple sources.
Figure 2 shows representative examples of a merger and
a non-merger classified in the close-pair method.
We carry out Monte Carlo simulations with artificial
galaxy pairs to estimate detection completeness of ma-
jor mergers. We consider two cases of flux ratios in
major merger components, 0.3–1 and 0.5–1. We cre-
ate 100 galaxy pairs with GALLIST and MKOBJECTS in
IRAF package in each bin of I814/ H160 magnitudes. In
this procedure, we make these artificial galaxies at a red-
shift, and do not take into account the distance along
the line-of-sight between components. This is because
we aim to simply estimate the detection completeness of
the fainter component as a function of HST-band mag-
nitudes. On the other hand, our selection radius effi-
ciently finds intrinsically-interacting objects, minimizing
the chance projection rate of ∼ 10% (see Bond et al.
2012). The created galaxy pairs are embedded into
cutout images of randomly-selected blank fields. We de-
tect these pairs in the same manner as for LAEs.
The estimated completeness is shown in Figure 3. The
artificial merger events with a flux ratio of 0.5–1 are re-
produced well for pairs brighter than 26.5 mag in I814
(> 50%). The completeness in H160 is approximately
half of that in I814 at 26.0− 26.5 mag. This leads to the
difference of derived merger fractions in I814 and H160
in §4.1. In the case of the mergers with a flux ratio
of 0.3–1, the completeness is only ∼ 50% even at < 24
mag in I814/H160. This is because the magnitudes are
severely underestimated for fainter components in the
0.3:1 merger.
As a result, we use 426 and 237 LAEs brighter than
26.5 mag in I814 and H160, respectively, in the close-pair
method. Table 2 summarizes the numbers of used LAEs
including those in the following analyses. We provide the
derived merger fraction and its dependence on Lyα EW
in §4.1.
3.2.2. Morphological Index Method
The non-parametric morphological indices have been
widely utilized to characterize the structure and
morphology of nearby and high-z galaxies (e.g.,
Cassata et al. 2007; Zamojski et al. 2007; Scarlata et al.
2007).
The CAS system consists of the concentration (C),
the asymmetry (A), and the smoothness (S) proposed by
Abraham et al. (1996); Conselice et al. (2000); Conselice
(2003). Concentration C is an index representing how
much the flux concentrates into the galaxy’s center.
We calculate C in the definition of Conselice (2003),
C = 5 log(r80/r20), where r80 and r20 are the radii which
contain 80% and 20% of the total flux of the galaxy, re-
spectively. Asymmetry A quantifies the degree of the
rotational symmetry of the galaxy’s light profile. It is
calculated by
A ≡ Aobj −Asky =
Σ|F − F180|
Σ|F |
−
Σ|B −B180|
Σ|B|
, (1)
where F and F180 (B and B180) are the original im-
age of galaxy (sky background) and its image rotated by
180◦ around the galaxy’s center, respectively. The value
of A ranges from zero to one. Asymmetry becomes zero
for a galaxy with a completely rotationally symmetric
light profile. The first term in the definition of A is the
asymmetry of a galaxy. The second term is the apparent
asymmetry caused by sky background. We use average
values of Asky as representative Asky in each field (e.g.,
Scarlata et al. 2007). Both of the Aobj and Asky are com-
puted by using all pixels contained within 1.5 Petrosian
radius of a targeted galaxy (Petrosian 1976). The ro-
tational center is defined to be the position minimizing
A in the 3 × 3 grid searching method (Conselice et al.
2000). The determined rotational center is also applied
to the calculation of C. Because smoothness S is not able
to be correctly calculated for high-z galaxies (Lotz et al.
2004; Conselice & Arnold 2009), we do not use S in our
analysis.
To check the adequacy of our calculation, we compute
CA for other galaxies whose morphological indices have
been already derived in previous studies. Cassata et al.
(2007) have calculated the indices for ∼ 23000 galaxies at
low-z in the COSMOS-Wide field. From their sample, we
extract 300 galaxies whose I814 magnitudes are compa-
rable to those of our LAEs, and calculate their CA. Our
calculation reproduces well the results of Cassata et al.
(2007). We apply 1σ standard deviation from the CA
values obtained in Cassata et al. (2007) to errors of the
derived indices for our LAE sample.
The morphological indices are not able to be ro-
bustly calculated for objects with a low S/N (e.g.,
Cassata et al. 2007). To obtain reliable values of the
indices, we use LAEs with I814 and H160 magnitudes
brighter than 25.0 mag in our CA calculation. The
magnitude cut of 25.0 mag has been usually applied
in previous morphological studies with HST data (e.g.,
Cassata et al. 2007). We also exclude objects whose half
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TABLE 2
Number of Our Lyα Emitters for Each Analysis
Quantity Criteria Number of LAEs
(1) (2) (3)
Merger Fraction (I814< 26.5) 426
(H160< 26.5) 237
Lyα Spatial Offset (NB387< 24.5 & I814< 26.5) 106
(NB387< 24.5 & H160< 26.5) 40
Ellipticity (I814< 25.0 & Re > 0.′′09) 41
(H160< 25.0 & Re > 0.′′18) 35
Note. — Columns: (1) Quantity. (2) Magnitude and size cuts applied in
each investigation. (3) Number of LAEs.
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Fig. 4.— Concentration (C) and asymmetry (A) for counterparts
in I814 (black circles) and H160 (gray circles). The region above the
dashed line (A = 0.30) indicates the merger regime. The error bar
in the upper corner represents the typical uncertainty in individual
objects.
light radii in I814 and H160 are smaller than 0.
′′09 and
0.′′18, which are unresolved with ACS and WFC3, re-
spectively. We use 41 in I814 and 35 LAEs in H160, re-
spectively, that meet all of these selection criteria. Rep-
resentative examples of objects with a high and low A
value are shown in Figure 2. The calculated morpho-
logical indices of our LAE sample are shown in Figure 4.
The distributions of indices in these parameter spaces are
quite similar to results of Lyman Break Galaxies (LBGs)
at z ∼ 2− 3 (e.g., Law et al. 2012b).
In order to classify mergers, we adopt the following
criterion,
A > 0.30, (2)
which is defined by Lotz et al. (2008) for high-z galax-
ies. We do not use the C parameter for the merger clas-
sification, but we make the C–A diagram, simply for the
sake of clarity (Fig. 4).
In the A classification, we identify mergers which are
brighter than a specific MAG APER magnitude (MAG APER
cut) in addition to the MAG AUTO cut. The MAG AUTO
cut mistakenly selects objects with extremely-low surface
brightness. The asymmetry parameter might be overes-
timated for these objects due to their diffuse structure.
Fig. 5.— NB387 (left) and I814 (right) images of three ex-
ample LAEs. The yellow contours indicate the isophotal area
in the NB387 images. Green open circles denote the continuum
counterparts in each I814 image. (Top) An LAE whose NB cen-
troid is redefined. Magenta crosses depict the original position
determined in the NB387 imaging studies (Nakajima et al. 2012,
2013). Red crosses represent the central position redefined from
the SExtractor detection with a higher DETECT THRESH value in
the NB387 images. The NB centroid shifts by ∼ 0.′′2 towards the
peak of light profile. See §3.3. The top and bottom green circles
are the brightest and nearest continuum counterparts, respectively.
The spatial offsets from the redefined NB center are ∼ 0.′′7 for the
brightest and ∼ 0.′′2 for the nearest counterpart. The white circle
indicates our selection radius of 0.′′65. (Middle) An LAE whose
Lyα centroids are aligned well on the position of continuum emis-
sion. (Bottom) An LAE having a large δLyα Lyα spatial offset.
The Lyα EW (the Lyα spatial offset) of the object in the middle
and bottom panels are 218 (0.′′11) and 38 A˚ (0.′′40), respectively.
White bars in the lower corner of each NB387 image indicate 1′′,
corresponding to ∼ 8.3 kpc at z = 2.2. North is up and east is to
the left.
We also derive the merger fraction for the sample selected
in the MAG APER cut to eliminate the diffuse objects. We
use a 0.′′3 aperture to calculate MAG APER. The number of
selected counterparts significantly decreases, especially
in the H160 data. Even in this case, we find the similar
trend of the Lyα EW dependence as in the MAG AUTO cut.
We discuss the merger fraction based on the index clas-
sification in §4.1.
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Fig. 6.— Difference between input and output values of posi-
tions (left) and magnitudes (right) in I814 (top panels) and H160
data (bottom panels) for artificial galaxies. A hundred of artificial
galaxies are created in each magnitude of I814, H160 = 24 (red), 25
(black), and 26.5 (cyan). The histograms are slightly shifted along
x-axis for the sake of clarity.
3.3. Lyα Spatial Offset Between Rest-Frame
UV/Optical Continuum and Lyα Emission
We calculate projected distance between the rest-frame
UV/optical continuum positions and the centroids of Lyα
emission. In this calculation, we consider two types of
components in stellar-continuum emission. One is the
brightest components in all sources within the selection
radius, and the other is the nearest ones from Lyα cen-
troids among objects identified in our detection criteria
of SExtractor (the top panel of Figure 5). The cen-
tral position of each HST cutout image corresponds to
Lyα centroids. We calculate δLyα from the coordinates
of sources in the cutout images.
We find that the Lyα centroids are slightly shifted in a
direction toward extended and diffuse light structure in
several NB images, as shown in the top panel of Figure
5. The central position of LAEs has been determined
by performing the source detection with SExtractor in
entire ∼ 30′× 30′ Suprime-Cam images (Nakajima et al.
2012) (the magenta cross). The small positional offsets
of Lyα are certainly caused by setting DETECT THRESH
to a relatively-low value (2.0σ) for the LAE selection
in the wide images. They have used a typical value of
DETECT THRESH in selections for high-z galaxies. That
value is too low to estimate the peak position of Lyα.
In order to estimate the peak position of Lyα, we carry
out the source detection with a higher DETECT THRESH
value (2.5σ) in each NB cutout image than the value
used in the NB selection. This procedure is very efficient
in calculating the Lyα spatial offset from the position
where Lyα is emitted most efficiently. This position cor-
responds to the location where the galaxy is brightest
in Lyα. In the re-detection process, NB centroids are
slightly shifted for several objects, and we obtain rede-
fined values of δLyα. We adopt the original centroids for
objects with the Lyα positional difference smaller than
0.′′1 corresponding to ∼ 0.5 pixel in NB images.
We create artificial galaxies to estimate the positional
errors using the same method as described in §3.2.1. Fig-
ures 6 and 7 show the estimated positional errors of the
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Fig. 7.— Same as Figure 6, but for Subaru/NB387 images. Ar-
tificial galaxies are created in each magnitude of NB387= 23, 24,
and 25.5.
Fig. 8.— Representative examples with large and small elliptic-
ity in GALFIT fitting. The left, center, and right panels represent
I814 images, the best-fit Se´rsic profiles, and their residual images,
respectively. White bars in the lower corner of each NB387 image
indicates 1′′.
I814/H160 and NB387 images, respectively. These fig-
ures indicate that the positional uncertainties tend to
be larger for fainter objects. In the HST images, the
positional error is less than ∼ ±0.′′02 at I814/H160 mag-
nitudes brighter than 26.5. In contrast, the NB387 im-
ages have a large positional error of ∼ 0.′′3 (at 1σ) even
at NB387= 24.5. This large uncertainty is due to the
relatively-large seeing sizes (∼ 0.′′8) in the NB data taken
by the ground-based observations.
To obtain reliable Lyα spatial offsets, we use objects
with I814/H160< 26.5 and NB387< 24.5 in this analysis.
In this case, 106 and 40 LAEs are selected in I814 and
H160, respectively. Moreover, no systematic error in the
simulation ensures a statistical investigation of the Lyα
spatial offset. NB387 and I814 images of example galaxies
are shown in Figure 5. We provide the dependence of
δLyα on Lyα EW in §4.2.
3.4. Ellipticity
We measure the ellipticity ǫ of the counterparts in
I814/H160 using the GALFIT software (Peng et al. 2002,
2010). The ellipticity is defined as ǫ = 1 − b/a, where a
and b are the major and minor axes, respectively. The
ellipticity is calculated for both of the brightest and near-
est components in the same manner as in §3.3. In this
calculation, we use objects whose I814/H160 magnitudes
are brighter than 25.0 and half light radii are larger than
the typical PSF sizes of each band.
The profile fitting are performed in the similar manner
as Gronwall et al. (2011). The counterparts are fitted
to a Se´rsic profile. Some initial parameters are needed
in the GALFIT fitting. The coordinates (xc, yc), total
magnitude m, axis ratio q(= b/a), position angle PA,
and half light radius re of each counterpart are input
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Fig. 10.— Half light radius and Lyα EW of continuum counter-
parts in I814 (blue) and H160 (red) data. Black open circles mark
objects with multiple components in a selection radius of 0.′′65 (ma-
jor mergers). Horizontal lines indicate typical PSF sizes of I814 and
H160 bands. Objects smaller than the typical PSF sizes are placed
at 0.′′09 in I814 and 0.′′18 in H160 (open inverted triangles).
into the GALFIT configuration file as initial parameters.
These initial parameters are estimated with SExtractor
prior to the GALFIT fitting. The Se´rsic index is set to
n = 4 (i.e., de Vaucouleurs profile) as an initial value,
while initial Se´rsic index does not affect the fitting re-
sults (Yuma et al. 2011, 2012). In the fitting procedure,
we also allow the following parameters to move in the
ranges, 24 < m < 29, 0.1 < re < 15 pixels, 0.1 < n < 15,
0.1 < q < 1, ∆x < 2, and ∆y < 2. We create PSF
images for I814 and H160 data by stacking 100 bright iso-
lated point sources. GALFIT outputs best-fit parameters
corrected for PSF broadening. Figure 8 shows examples
of original I814 images, the best-fit Se´rsic profiles, and
their residual images. As shown in Figure 8, the GALFIT
fits well the stellar-continuum emission to Se´rsic profiles.
We provide the dependence of ellipticity on Lyα EW
in §4.3.
4. RESULTS
In this section, we show the derived merger frac-
tion, Lyα spatial offset, and ellipticity as a function
of EW (Lyα). We divide our LAE sample into three
EW (Lyα) bins, 20− 50, 50− 100, and > 100 A˚.
4.1. Dependence of Merger Fraction on Lyα EW
We first compare the merger fractions of the entire
sample with results from previous studies for LAEs at
z ∼ 2 − 6. The merger fractions in I814 and H160 are
0.23±0.02 and 0.14±0.02, respectively, in the close-pair
method. These values are broadly consistent with other
studies in the similar methods (e.g., Taniguchi et al.
2009; Pirzkal et al. 2007; Cowie et al. 2010; Bond et al.
2009). Pirzkal et al. (2007) investigated rest-frame UV
morphologies of nine LAEs at 4 . z . 5.7 based on
the C − A classification. They find that ∼ 30 − 40% of
the sample show clumpy, complex, or morphologically-
disturbed structures. Taniguchi et al. (2009) present
that only two out of ∼ 50 LAEs at z = 5.7 have double-
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component structures, and ∼ 50% of the sample are spa-
tially extended in the rest-frame UV. Bond et al. (2009)
obtain that at least ∼ 17% of their 120 LAEs at z = 3.1
have multiple components. Cowie et al. (2010) claim
that > 30% of z ∼ 0.3 LAEs show merger features. The-
oretically, the dark matter simulation combined with a
physical model of Tilvi et al. (2011) predicts that the
merger fraction of z ∼ 3 LAEs is ∼ 0.20 after matching
the merger mass ratio with that of observational studies.
Our merger fractions are also nearly the same as those
of LBGs at 1.5 . z . 3 estimated with the close-pair
method (∼ 0.05 − 0.2; Law et al. 2012b). Our merger
fractions in the A classification are also similar to that
of their LBG sample estimated with the same method.
Next, we examine the dependence of the merger frac-
tion on Lyα EW. Figure 9 shows the derived merger frac-
tions in each EW (Lyα) bin. Error bars in each plot
include the Poisson statistical errors. We find that the
merger fraction does not significantly increase with Lyα
EW in all cases. Instead, merger fractions decrease from
the lowest to the highest EW bin over the 1σ error bars in
several cases. The merger fractions in H160 are a factor
of ∼ 2− 3 lower than those in I814 in the corresponding
methods. This is likely to be caused by the difference of
completeness (§3.2.1). In addition to the completeness
effect, the difference of the merger fractions could be ex-
plained by the shapes of SEDs, since the I814- and the
H160-band data trace the rest-frame UV and optical stel-
lar continuum emission, respectively. We also examine
the total merger fraction derived in combination with the
close-pair and morphological index methods. We define
the total merger fraction as the logical sum of mergers
identified by the close-pair method and A classification.
However, we do not find the increase of merger fraction
with EW (Lyα), similar to Figure 9. We additionally cal-
culate the Lyα EW from the total magnitudes in the NB
data, and evaluate an effect of the Lyα flux loss in the
aperture photometry on the Lyα dependence. We com-
pute the total magnitudes with MAG AUTO of SExtractor.
Even in this test, we still do not find a trend that the
merger fraction increases with Lyα EW.
We change the selection radius to rsel = 1.
′′5 (∼ 13
kpc at z = 2.2), in order to check possible differences in
merger fraction between searching radii. The 1.′′5 radius
is the same as that used in Law et al. (2012b). However,
we do not find a significant rise of merger fraction even
in the larger radius. The merger fractions with rsel = 1.
′′5
are a factor of ∼ 2 higher than those with rsel = 0.
′′65.
Adopting the 1.′′5 aperture, the merger fractions increase
to 0.35±0.03 in I814 and 0.30±0.03 in H160. We confirm
that the trend of Figure 9 is similarly found in the results
of rsel = 1.
′′5 aperture.
The dependence of the merger fraction on Lyα EW is
also clearly shown in Figure 10. The figure illustrates a
trend that objects with a larger Lyα EW have a smaller
half light radius, as claimed by e.g., Law et al. (2012a)
and Pentericci et al. (2010), which is also justified by our
statistical tests. The individual LAEs identified in the
close-pair method are marked by the black circles. Fig-
ure 10 clearly exhibits the small number of mergers at
EW (Lyα) > 100 A˚. Note that the decline in the merger
fraction in high EW (Lyα) bins is caused by many incom-
plete detections of fainter merger components in LAEs
TABLE 3
Results of KS Test
Quantity Counterpart and Band PKS
(1) (2) (3)
Lyα Spatial Offset Brightest (I814) 0.262 (0.096)
Brightest (H160) 0.285 (0.097)
Nearest (I814) 0.177 (0.145)
Nearest (H160) 0.147 (0.050)
Ellipticity Brightest (I814) 0.579
Brightest (H160) -a
Nearest (I814) 0.564
Nearest (H160) -a
Note. — Columns: (1) Quantity. (2) Type of continuum coun-
terparts (brightest or nearest), and used HST band. (3) KS prob-
ability that LAEs with Lyα EW < 100 A˚ and > 100 A˚ are drawn
from the statistically-same distribution. The values in parenthe-
ses represent the probabilities for the distribution of δLyα after
correcting for the NB centroids with a higher DETECT THRESH. See
§3.3.
a KS probabilities cannot be calculated because only one object
with EW (Lyα) > 100 A˚matches the selection criteria in the H160
data.
with a high EW. Our magnitude cut of 26.5 mag ensures
no bias in I814/H160 magnitudes between EW bins (Fig.
1). The merger completeness is considered to be almost
constant in all of the EW bins.
4.2. Dependence of Lyα Spatial Offset on Lyα EW
We investigate δLyα of Lyα spatial offset and examine
whether δLyα is produced by measurement errors or a
real signal. Figure 11 shows δLyα as a function of NB387
magnitude. We include statistical errors estimated from
the Monte Calro simulation (§3.3) in δLyα. We find a
tendency that the error in δLyα becomes larger for the
objects with a fainter NB387 magnitude, but successfully
identify that several LAEs have an offset beyond our sta-
tistical errors for relatively-bright objects. The identifi-
cation of the large δLyα objects could not be due to large
scatters in δLyα, which is justified by our non-parametric
Kolmogorov-Smirnov (KS) tests between the LAEs and
artificial galaxies in each NB387 magnitude bin. The KS
probabilities are calculated to be PKS . 0.05.
Next, we investigate the dependence of δLyα on Lyα
EW for the brightest continuum sources in Figure 12
and the nearest ones in Figure 13. We find that there
are few LAEs with a high EW and a large δLyα. LAEs
with a high Lyα EW tend to have a single continuum
counterpart, as described in §4.1. The distribution of
δLyα for high EW objects does not depend strongly on
whether we use the brightest or the nearest continuum
counterparts.
We carry out the KS test in order to evaluate whether
δLyα is statistically related to Lyα EW. We calculate
the KS probability that LAEs with Lyα EW > 100 A˚
and < 100 A˚ are drawn from the statistically-same dis-
tribution of the Lyα spatial offset. We summarize the
KS probabilities, PKS, in Table 3. The PKS values are
0.05−0.1 in the case of the original Lyα centroid. In the
I814 data, the low PKS values indicate that the two groups
of δLyα are drawn from statistically-different distribution.
Even in the case of the redefined values of δLyα, the prob-
abilities are not significantly changed (PKS ∼ 0.1− 0.3).
4.3. Dependence of Ellipticity on Lyα EW
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Fig. 12.— Spatial offset between the rest-frame UV/optical con-
tinuum emission of the brightest counterparts and their Lyα cen-
troids. Black and gray filled circles indicate counterparts in the
I814 and H160 cutout images, respectively. Large black and gray
circles are the average values of δLyα in subsamples of EW < 100,
and > 100 A˚. The right panel shows histograms for the number
of LAEs. The histograms are slightly shifted along y-axis for the
sake of clarity. The position of Lyα emission is redefined in the
SExtractor detection with a higher DETECT THRESH value. The de-
tail is described in §3.3.
We show the ellipticity of the brightest and nearest
continuum objects in Figures 14 and 15, respectively.
The average ellipticity of LAEs with EW (Lyα) > 100 A˚
is smaller than that of objects with EW (Lyα) < 100 A˚.
There is a possible trend that the LAEs with a large
Lyα EW have a small ellipticity for both of the bright-
est and nearest components. The right panel of each
figure displays histograms of the ellipticity. The ellip-
ticity distribution is quite similar to that estimated by
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Fig. 13.— Same as Figure 12, but for the nearest counterparts.
Gronwall et al. (2011) who have studied morphologies of
LAEs at the similar redshift.
We calculate the KS probability for the ellipticity in
the similar manner as for the Lyα spatial offset in §4.2.
The probabilities are listed in Table 3. The probabili-
ties are calculated to be 0.5 − 0.6 in the I814 data. The
high values indicate that LAEs with Lyα EW > 100 A˚
and < 100 A˚ have statistically-indistinguishable distri-
butions. These probabilities suggest that the depen-
dence of ellipticity on Lyα EW cannot be concluded in
a statistical sense. The small sample size of LAEs with
EW (Lyα) > 100 A˚ may not allow us to obtain accurate
KS probabilities.
5. DISCUSSION
5.1. Lyα Enhancement by Major Merger
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Fig. 14.— Ellipticity of the brightest continuum counterparts and
its dependence on their Lyα EW. Black and gray filled circles in-
dicate counterparts in I814 and H160 cutout images, respectively.
Large black and gray circles are the average ellipticity in subsam-
ples of EW < 100, and > 100 A˚. The right panel shows histograms
for the number of LAEs. The histograms are slightly shifted along
y-axis for the sake of clarity.
In §4.1, we find that the merger fraction of LAEs
does not significantly increase with their Lyα EW. In-
stead, Figure 9 shows the merger fraction decreases from
EW (Lyα) = 20 − 100 to > 100 A˚. However, our sta-
tistical analysis indicates that mergers are rare in the
subsample of LAEs with a Lyα EW larger than 100 A˚.
Our result would suggest that the galaxy merger does
not heavily affect the distribution of H i gas and dust.
On the contrary, the H i clouds disturbed by a merger
would envelop a central ionizing source instead of making
holes in the gas shell. The nearly-uniform clouds might
prevent Lyα photons from easily escaping from a galaxy.
This is opposite to a trend that Lyα emission is en-
hanced by a galaxy merger. Several observational stud-
ies have examined a relationship between Lyα EW and
galaxy merger in the LAE population. For example,
Cooke et al. (2010), and Chonis et al. (2013) claim that
Lyα emission is enhanced by galaxy merger. This trend
is commonly based on the sense that a galaxy interaction
triggers star formation, and disperses obscuring gas and
dust in the system (e.g., Chonis et al. 2013).
Cooke et al. (2010) carry out spectroscopic observa-
tions for 140 LBGs at z ∼ 3, and find serendipitously
five LBG pairs with projected proper separations less
than 15 kpc. They additionally discover two LAEs with
a close LBG in their MOS slitlets. One of these LAEs
has a Lyα EW of 48 A˚. The separation between the
LAE and its LBG companion is 22.7 kpc. Another LAE
has a Lyα EW of 140 A˚, but its LBG companion is
not definitively confirmed by spectroscopy. This merger
candidate has a relatively large projected separation of
40.1 kpc between its components. In this survey, only
one object with such a high EW has been found in the
seven serendipitously-discovered close pairs (∼ 14%), if
the LAE with EW (Lyα) = 140 A˚ is a genuine merger.
Recently, Chonis et al. (2013) have investigated three
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Fig. 15.— Same as Figure 14, but for the nearest continuum
counterparts.
LAEs in the HETDEX sample. The Lyα EW of all the
three LAEs exceeds 100 A˚ (114 ± 13, 140 ± 43, and
206±65 A˚) due to a unique LAE selection method of the
HETDEX survey (Adams et al. 2011). In the HST im-
ages, two LAEs with EW (Lyα) = 114 and 140 A˚ show
close components with projected separations of∼ 5 and 8
kpc, respectively. One of these close components has also
been spectroscopically confirmed to be at the same red-
shift as its central LAE. The LAE with the highest EW
of 206 A˚ does not have a companion within 1′′ (∼ 8.2
kpc)8. Thus, the merger fraction at EW (Lyα) > 100
A˚ is 0.67+0.33−0.43 in their HETDEX sample. The error is
based on the small number statistics (Gehrels 1986). Our
merger fraction at EW (Lyα) > 100 is 0.23± 0.08 in I814
in the similar searching radius of 1.′′5 (∼ 13 kpc) to that of
Chonis et al. (2013). The merger fractions are consistent
within 1σ uncertainties. In the study of Chonis et al.
(2013), the merger fraction at EW (Lyα) > 100 A˚ be-
comes probably higher due to the small number of sample
objects.
In contrast to these suggestions, some morphological
studies provide results which are consistent with our Lyα
dependence. Law et al. (2007) have investigated mor-
phologies of 216 z ∼ 2 − 3 LBGs with spectroscopic
redshifts using the HST data. They quantify a multi-
plicity of a galaxy with the multiplicity parameter Ψ.
The value of Ψ is zero for a galaxy with a single com-
ponent, and becomes positive for a galaxy with multiple
components. This parameter is used to find multiple
components, which is similar to our close-pair method.
They reveal that the Lyα EW monotonically increases
from 0 to 15 A˚ with decreasing Ψ. This trend is con-
sistent with the behavior of our merger fractions in the
EW range of 20 − 200 A˚, which is larger than the EW
range of Law et al. (2007). Pentericci et al. (2010) have
measured the asymmetry parameter for z ∼ 3 LBGs with
and without Lyα emission. They find no difference of A
8 A nearby continuum source is shown at a projected distance
of 4′′ (∼ 33 kpc) from the LAE.
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between LBGs with a high and a low EW. The decrease
in the merger fraction for our LAEs might be found in
the wider dynamic range in EW (Lyα) than that of their
LBG sample.
Another explanation is that dust created by past star-
formation in individual pre-mergers produces the anti-
correlation between Lyα EW and merger fraction. The
star formation triggered by a major merger would en-
hance Lyα emission, but Lyα photons could be absorbed
by the dust already existing in individual evolved galax-
ies. For this reason, Lyα EW would be less enhanced in a
system consisting of evolved major merger components,
which would yield the anti-correlation.
In addition to observational studies, Yajima et al.
(2013) have investigated physical properties of interact-
ing Lyα Blob (LAB) pairs by combining hydrodynami-
cal simulations with three-dimensional radiative transfer
calculations. The SFR of LABs is boosted during each
galaxy-coalescence phase. In contrast to SFR, Lyα EW
fluctuates in the range of 20 − 100 A˚, and is not en-
hanced to > 100 A˚ even at the time of coalescences. Note
that the simulated LABs have a larger size and slightly-
brighter Lyα luminosity than those of our normal LAEs.
There is a possibility that the anti-correlation between
the merger fraction and Lyα EW would be produced by
a difference of viewing angle. In this study, we have de-
fined mergers as objects with multi-components or inter-
acting features shown in the plane of the sky. However,
mergers along the line-of-sight would boost the radial
velocity of the surrounding gas clouds, and consequently
enhance the Lyα escape in the direction to the observer.
The detection of the line-of-sight mergers could be more
challenging than the identification of interacting events
shown in the plane of the sky.
5.2. Where Is Lyα Emitted From?
We find that there are few LAEs with a high Lyα EW
and a large δLyα. The dependence of δLyα on Lyα EW
would suggest that Lyα photons could be heavily atten-
uated by dust on the long path lengths prior to escaping
an H i cloud. This might yield the δLyα difference in
objects with a high and a low Lyα EW.
Prior to our statistical study, several NB imaging stud-
ies have also estimated δLyα for high-z LAEs. Jiang et al.
(2013) have studied rest-frame UV morphologies of 51
LAEs at z ∼ 5.7, 6.5, and 7.0 using the HST data. The
Lyα positions of these LAEs have been estimated in NB
images taken with Subaru/Suprime-Cam. They find that
several LAEs show evidence of positional offset between
UV and Lyα emission. In these z ∼ 6 − 7 LAE sam-
ples, LAEs with a spatially-symmetric light profile tend
to have a small δLyα. The offset is also shown in an ex-
tended Lyα emission, Himiko, at z = 6.595 (Ouchi et al.
2013). Rauch et al. (2011) find a large positional offset in
a galaxy at z = 3.334 based on a deep spectroscopic sur-
vey. For the z = 3.334 galaxy, the Lyα and UV structure
is highly peculiar and is likely to be affected by several
physical processes such as the cold gas inflow.
In contrast, most of these LAEs with a large δLyα show
merger and/or interacting features. Finkelstein et al.
(2011) have performed high resolution imaging observa-
tions with an NB filter on HST for three LAEs at z = 4.4.
They do not find positional offsets between resolved Lyα
and UV continuum emission. All of the three LAEs taken
with HST also show no evidence of major merger/galaxy
interactions.
These results would indicate that the relatively-small
δLyα in high EW objects is originated from physically-
stable and spatially-symmetric H i gas clouds around
central ionizing source(s). On the contrary, the large
δLyα would result from inhomogeneous H i gas clouds
disturbed by a merger. The disturbed clouds prevent
Lyα radiation from escaping directly along the line of
sight, making a large δLyα from an original position of
stellar component. A large number of the resonant scat-
tering would suppress Lyα EW on the long path lengths
in the disturbed clouds.
5.3. Galactic Inclination Effect on Lyα Emissivity
We find that there is a trend that the LAEs with a
large Lyα EW have a small ellipticity. Figures 14 and
15 show a possible absence of objects at a high ellip-
ticity and Lyα EW region (in the upper-right corner in
the figures). This trend is consistent with the recent
theoretical claims that Lyα photons can more easily es-
cape from face-on disks having a small ellipticity, due to
a low Hi column density (e.g., Verhamme et al. 2012;
Yajima et al. 2012b).
The ellipticity is an useful indicator of the galactic
disk inclination. Verhamme et al. (2012) have investi-
gated quantitatively the effect by using their Lyα radia-
tive transfer code combined with hydrodynamics simu-
lations. They find that Lyα EW strongly depends on
the inclination on a simulated galaxy with thick star-
forming clouds. From edge-on to face-on, the Lyα EW
increases from −5 to 90 A˚. Yajima et al. (2012b) have
predicted that the Lyα flux is a hundred times brighter
in the face-on direction than the edge-on.
However, our KS test does not definitively indicate
that there is an anti-correlation between Lyα EW and
the ellipticity (§4.3). The sample size of our high EW
LAEs may be too small to obtain conclusive evidence
of the anti-correlation. We require a larger LAE sam-
ple containing many high EW (> 100 A˚) objects bright
(mcont < 25) enough to measure robustly their morpholo-
gies.
5.4. What is the Physical Origin of Strong Lyα
Emission?
Our results of Lyα EW dependence generally support
the idea that an H i column density is a key quantity
determining Lyα emissivity. We find that LAEs with
EW (Lyα) > 100 A˚ tend to be a non-merger (§4.1),
and compact (Fig. 10), and to have a small ellipticity
(§4.3) in our structure analyses. Our magnitude cut al-
lows us to fairly compare structural properties between
each EW (Lyα) bin under the same ranges of galaxy lu-
minosity correlating mass (Fig. 1). We also verify the
above trends by using objects with a similar size, but we
do not find any significant changes. These results could
attribute the EW (Lyα) dependences on the LAE struc-
tures to predominantly Lyα emissivity rather than the
galaxy mass. These trends do not depend strongly on
whether we use the brightest or nearest counterparts.
Recent spectroscopic studies measure the Lyα velocity
offset, ∆vLyα, from the systemic redshift estimated from
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nebular lines for a number of LAEs (Hashimoto et al.
2013; Shibuya et al. 2014). Their kinematic analyses
have suggested that LAEs typically have a smaller ∆vLyα
than that of LBGs with a lower Lyα EW, while their out-
flowing velocities are similar in the two populations. This
indicates that the small ∆vLyα of LAEs is caused by a
low H i column density. On the other hand, NIR spec-
troscopy by Nakajima et al. (2013) has suggested that
LAEs have a large [O iii]/[O ii] ratio, indicating these
systems are highly ionized with density-bounded H ii re-
gions. This tendency has been confirmed by a subsequent
systematic study in Nakajima & Ouchi (2013). The large
[O iii]/[O ii] ratio also indicates a low column density of
H i gas. On the basis of these results on the gas dis-
tribution and abundances, the difference in H i column
density simply explains the Lyα-EW dependences of the
merger fraction, the Lyα spatial offset, and the galaxy
inclination. For objects with density-bounded H ii re-
gions, Lyα photons would directly escape from central
ionizing sources, which produce a small δLyα. The low
H i abundance along the line of sight also induces the
preferential escape of Lyα to the face-on direction. For
these reasons, ionized regions with small amounts of H i
gas would dominate in the subsample of our LAEs with
EW > 100 A˚.
6. SUMMARY AND CONCLUSION
We examine the structural properties of LAEs at z =
2.2 using the HST high resolution images in order to
investigate the Lyα emitting mechanisms. By using the
large LAE sample of 426 objects, we study statistically
the Lyα-EW dependence on the merger fraction, the Lyα
spatial offset, δLyα, and ellipticity, for the first time.
The conclusions of our structure analyses for LAEs are
summarized below.
• Our results of the merger fraction and the elliptic-
ity distribution are consistent with those in previ-
ous morphological studies for LAEs at various red-
shifts. The merger fraction and the average ellip-
ticity of LAE’s stellar component are 10−30% and
0.4− 0.6, respectively.
• The merger fractions of LAEs do not significantly
increase with their Lyα EW. This trend is opposite
to the physical picture in which the Lyα EW is
boosted by the galaxy merger and interaction. H i
clouds disturbed by merger would envelop a central
ionizing source instead of making holes in the gas
clouds. The disturbed clouds may not allow Lyα
photons to easily escape from a galaxy.
• We successfully identify that some LAEs have a
spatial offset between Lyα and stellar-continuum
emission peaks by ∼ 0.′′3 − 0.′′5 (∼ 2.5 − 4 kpc)
beyond our statistical errors. We reveal an anti-
correlation between δLyα and EW (Lyα) by KS test
with two subsamples of EW (Lyα) = 20− 100 and
> 100A˚. The anti-correlation would suggest that
Lyα photons could be heavily attenuated by dust
on the long path lengths prior to escaping H i
clouds. On the contrary, a large δLyα would re-
sult from inhomogeneous H i gas clouds disturbed
by merger. The disturbed clouds prevent Lyα ra-
diation from escaping directly along a line of sight,
giving a large δLyα. Resonant scattering of long
path lengths would suppress Lyα EW in the dis-
turbed clouds.
• We find that there is a trend that LAEs with a
large Lyα EW have a small ellipticity. This is con-
sistent with the recent theoretical claims that Lyα
photons can more easily escape from face-on disks
having a small ellipticity, due to a low Hi column
density, although our KS test indicates that this
trend is not significant in a statistical sense. How-
ever, this KS test result might be originated from
the small number of bright and spatially-resolved
objects with a high EW whose morphological prop-
erties are estimated robustly.
• Our results of Lyα-EW dependence generally sup-
port the idea that an H i column density is a key
quantity determining Lyα emissivity. In this condi-
tion, Lyα photons would directly escape from cen-
tral ionizing sources. The difference in H i abun-
dance along the line of sight is expected to yield
naturally the Lyα-EW dependences of the merger
fraction, the Lyα spatial offset, and the galaxy in-
clination.
An upcoming extensive survey for LAEs at z = 2 − 7
with Hyper Suprime-Cam (HSC) on Subaru will identify
a large number of unique high EW objects whose number
is not high enough in our study. Future HSC studies will
test the possible anti-correlation between Lyα EW and
ellipticity with large statistical samples.
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